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Introduction
The incidence of gastric cancer sited in the proximal third and esophago-gastric junction (EGJ) was rising worldwide; however, in Europe this tendenc y seems to be stabilizing. 1 Adenocarcinomas of the cardia (ACC) are the most frequent type within these tumors. They are typically diagnosed at an advanced stage of disease progression. [2] [3] [4] [5] As a result, they are difficult to treat and the patient prognosis is poor even after curative surgical resection comparing to those sited in distal two thirds of stomach. The extension of gastrectomy in the mediastinum makes the resection of ACC more demanding and burdened by higher postoperative morbidity. Consequently, the long-term survival rate after surgical resection has been reported to be lower, ranging from 16% to 40%. [6] [7] [8] [9] The Siewert's classification (S I-III), founded almost 20 years ago, still presents an important ba-sis for decision-making in clinical praxis for EGJ tumors; however, its implication regarding strict decision for thoraco-abdominal or transhiatal approach for ACC SI and SII is still under discussions. 8, 10 Different reports of meta-analyses reveal contradictory conclusions and randomized control studies are lacking. In the western world, presently the only clear recommendation stays for SIII tumors to be approached transhiatal, whereas in the eastern world also SII tumors are mostly resected transhiatal. [9] [10] [11] [12] [13] [14] The tumor free segment of the esophagus to be achieved is 5 cm and the infiltration of the esophagus should not exceed 2 cm. 15 Extent of organ resection and lymphadenectomy are the next issue of discussion without any clear evidence based on the randomized control studies; however, most ACC of S I and II are surgically managed by distal esophagectomy with proximal gastrectomy, while distal esophagectomy with total gastrectomy is often applied in S III tumors. 7 In clinical practice, the exact origin of EGJ tumors can sometimes be hard to define, which complicates the choice between distal esophagectomy with total gastrectomy and esophagectomy with proximal gastrectomy. 16 Regarding the extent and region of lymphadenectomy needed for ACC, huge nation-wide Japanese study analyzing the records of 2807 patients having had R0 resection of EGJ carcinoma was able to confirm that the incidence of lymph node metastases correlates highly with T stage and site of the tumor. In stomach, predominant cancer (2 cm below EGJ) lymph node metastases in the middle and upper mediastinum were seldom detected even in T3/4 tumors (< 6% in T4), whereas in esophagus predominant tumors (2 cm above EGJ) metastases to the lymph nodes were detected more often (> 30% in T4). 17 Randomized control studies have demonstrated the preoperative therapy with chemoradiotherapy or chemotherapy alone improves survival outcome for patients in stages more than T1 and/ or more than N0 in which R0 resection was possible. Evidence suggests, but does not confirm, that radiation-containing regimens are more beneficial. 16, [18] [19] [20] The aim of the present study was to reveal perioperative morbidity and mortality as well as longterm survival in proximal gastric adenocarcinoma resected exclusively with transhiatal approach. We also searched for correlations of clinicopathological factors with morbidity, mortality and long-term survival.
Patients and methods
The medical records of 844 consecutive patients who had gastric resection for adenocarcinoma of the stomach from January 1, 2000 through December 31, 2016 at the Department of Abdominal Surgery at Surgical clinic UMC Maribor, Slovenia were retrospectively reviewed. Patients resected for gastric stump tumors and those in which entire stomach was affected were excluded from the study. 161 patients with ACC and transhiatal resected were considered for the analyses. The level of the location on the gastric cardia was determined concerning the Siewert's classification. 8, 10 Patients' preoperative physical status was expressed by the American Society of Anesthesiology score (ASA). 21 After the diagnosis of ACC was initially confirmed by endoscopy and biopsy, computed tomography (CT) of thorax and abdomen was done to rule out dissemination of the disease and to assess the locoregional stage to gain the clinical stage as well as to judge whether the tumor would be resectable with transhiatal approach.
As all other oncological patients, they were presented to the oncological board for treatment planning. Until 2010, adjuvant radio-chemo therapy was indicated in stages pT2 and higher and/or pN+; however, since 2010, all amenable patients in stage higher than cT2 and higher and/or cN+ were submitted for neoadjuvant oncological treatment.
If there were no contraindications regarding general status, radical resection in terms distal esophagectomy with total gastrectomy or esophagectomy with proximal gastrectomy was done with strategy to provide 6-7 cm in vivo distance from the upper aspect of the tumor. The distal esophagectomy with total gastrectomy was preferred; however, in some patients with poorer general status or if the mesentery was to short, esophagectomy with proximal gastrectomy was done. A ring of hiatal part of the diaphragm was regularly excised en-block with the resected specimen. If there were no contraindications regarding general status, a D2 lymphadenectomy (stations 1, 2, 3, 4sa, 4sb, 5, 6, 7, 8a, 9, 11p, 11d) was performed including distal mediastinal lymph nodes (station 110, 111). 22 The spleen was usually preserved, unless there was macroscopic infiltration, lymph node No. 10 was clearly enlarged, or the tumor extended toward the grater curvature and was adhered to the stomach wall. 23 Additional resections of infiltrated neighbor organs were done to assure R0 resection.
At operation, definite site of the tumor and Siewert type were determined.
Intravenous antibiotic (1.5 g cefuroxime and 0.5 g metronidazole or 0.35 g gentamycin and 0.6 g clindamycin) and subcutaneous antithrombotic (4000 IE enoxaparin or 3800 nadroparin or 5000 IE dalteparine) prophylaxis were successively used in all patients 1 hour and 12 hours prior to operation. Urine catheter and nasogastric tube were usually inserted after induction of anesthesia.
Almost all patients were admitted in the high dependency unit except if admission to the intensive care unit was indicated. Patients started to receive fluid food on the third day. To confirm and also to stimulate the peristaltic movements 50 ml of hypertonic contrast (Gastrografin) is routinely administrated on the third or fourth day after operation. Gastric tube was removed after appearance of bowel movements or the first stools.
Resected specimens were examined according to standard pathophysiologic procedure and classified according to Lauren, WHO, TNM and UICC classification as well as according to differentiation of tumor cells (gradus). [24] [25] [26] Before fixation of the specimen, the proximal tumor free distance on the specimen has been measured by the pathologists. Additional 9 mm of stapler cylinder (circular stapler 25 mm) were added to the distance measured by the pathologists.
Any complication occurring postoperatively within 90 days was considered as surgery related and noted according to Clavien-Dindo classification. 27 Additionally, surgical and medical complications were listed separately. Postoperative deaths within 30 and 90 days were considered as probable consequence of surgery and were declared as postoperative mortality (30-and 90-day mortality).
For patients surviving longer than 90 days after operation, recurrence of the disease was determined by image procedures (CT, PET CT), cytological analyses of abdominal and pleural effusions as well as by autopsy reports.
Clinical and pathological data were prospectively stored in a computerized database. Data from the follow-up were obtained by our own outpatient follow-up and by the National cancer register of Slovenia. Complete follow-up was obtained as of June 1, 2017.
We obtained informed consent from all patients and performed all procedures according to the guidelines of the Helsinki Declaration.
Clinicopathological factors involved in correlation analyses were: gender, age, ASA, type of resection, extent of lymphadenectomy, additional Continuous data are expressed as mean ± standard deviation and categorical variables are given as percentages. Continuous variables were compared with Student's t-tests for parametric data and Mann-Whitney U tests for nonparametric data. Chi-square tests were used for comparisons of discrete variables. Survival analysis was performed with the Kaplan-Meier method. The differences between groups were compared with the log-rank test. All of the predictors that were significant on univariate analysis were included in the multivariate analysis (Cox regression model). P values < 0.05 were defined as the limit of significance. For statistical analysis, SPSS version 22 for Windows 7 (IBM Analytics, Armonk, NY) was used.
Results
Of altogether 844 patients resected for gastric adenocarcinoma, 161 (120 males, 41 females, mean age 64.6 ± 10.9 years) had resection for adenocarcinoma of the gastric cardia.
Demographic data of all patients are given in Table 1 . There were 136 distal esophagectomies with total gastrectomies and 125 distal esophagectomies with proximal gastrectomies. The former was more often done in older patients (esophagectomy with proximal gastrectomy vs. distal esophagectomy with total gastrectomy: 72.52 ± 8.5 vs. 63.15 ± 10.7 years; p < 0.0001) and in some cases for technical reasons (short mesentery of the Roux loop). Distal esophagectomy with total gastrectomy was found to correlate with higher N stages (N > 0: 73.5% vs. 52.0%; p = 0.03); however, there was no difference regarding T stage.
Tumors were classified regarding the Siewert classification (6 type I, 29 type II, 126 type III). In all 6 patients with S I type ACC, a distal esophagectomy with total gastrectomy was done; in S II type, 25 (86.2%) patients had distal esophagectomy with total gastrectomy and 4 (13.8%) esophagectomy with proximal gastrectomy; whereas in S III type, 105 (83.3%) patients had distal esophagectomy with total gastrectomy and 21 (16.7%) esophagectomy with proximal gastrectomy. Regarding this, there were no significant correlations.
A D2 lymphadenectomy was performed in 88.2% (Table 1) . In comparison to D1 lymphadenectomy, a significantly higher number of lymph nodes was harvested in D2 lymphadenectomy (mean, 24.07 ± 11.5 vs. 16.31 ± 11.3; p = 0.01). It was less extensive in esophagectomy with proximal gastrectomy than in distal esophagectomy with total gastrectomy by declarative way (D2 in esophagectomy with proximal gastrectomy vs. D2 in distal esophagectomy with total gastrectomy: 68.0% vs. 91.9%; p = 0.003) as well as regarding the mean count of all harvested lymph nodes (esophagectomy with proximal gastrectomy vs. distal esophagectomy with total gastrectomy: 17.60 ± 10.48 vs. 24.18 ± 11.65; p = 0.027).
Splenectomy was part of a resection in 47.2% patients, more often significant in distal esophagecto- R0 resection rate was 95.7%. The mean proximal resection margin on the esophagus was 42.45 mm. It was less than 21 mm in 9 patients (6 in Siewert III, 3 in Siewert II, 0 in Siewert I); however, only one of those patients had R1 resection because of tumor infiltration in proximal resection margin. In remaining 8 patients, the resection was declared as R2 resections because of nonresectable liver metastases (3 patients), metastasis in the mesentery (1patient), retroperitoneal spread (1 patient) and peritoneal carcinosis (1 patient).
Pathological features regarding TNM classification, Lauren classification and perineural infiltration of the tumors are given in Table 3 .
According to the Clavien-Dindo classification (> 1) in altogether 28.6% of patient's complications occurred within 90 days in the postoperative course. 15.5% were noted as surgical and 21.1% were medical complications. The list of surgical and general complications is presented in Tables 4A and 4B. In 7.5% of patients, surgical and medical complications overlapped. Off all clinicopathological characteristics, only shorter mean proximal tumor free margin correlated significantly with onset of surgical complications (34.35 mm ± 21.2 vs: 43.78 mm ± 9.8; p = 0.024), whereas there were no significant correlations with medical complications.
Twenty-six (16.1%) patients needed reoperation, 7 (4.3%) were treated by percutaneous or endoscopic intervention (no general anesthesia); however, the rest of 13 patients could be treated conservatively.
Four (2.2%) patients died within 30 days from operation; however, additional 8 (7.5%) patients died within 90 days from operation. Both mortalities were significantly increased in surgical (30-day mortality: 12.5% vs. 0.7%; p = 0.011, 90-day mortality: 29.2% vs. 3.6%; p < 0.0001) and medical complications (30-day mortality: 9.1% vs. 0.8%; p = 0.027, 90-day mortality: 18.2% vs. 4.7%; p = 0.018) or if surgical treatment was indicated for complications (30- In 54 (36.2%) of 149 patients (no 90-day mortality) recurrence of the disease could be confirmed. The patterns regarding the region (supradiaphragmatic, infradiaphragmatic) and type of recurrence are given in Table 5 . No clinicopathological factor (type of resection, extent of the lymphadenectomy, splenectomy, T stage, N stage, Siewert type, Lauren classification, gradus of the tumor, length of tumor free resection margin) revealed any correlation to recurrence except if additional resection was needed to assure R0 resection (p = 0.011) (G 1-3) , perineural invasion (yes vs. no), T stage (T < 3 vs. T >2), N stage (N0 vs. N > 0) and curability of the procedure (R0 vs. R1/2) proved as significant factors for long-term survival ( Table 6) .
The multivariate survival analysis (Cox regression analysis) multivisceral resection, depth of tumor infiltration (T < 3 vs. T > 2), nodal stage (N 0 vs. N > 0), and curability of the resection (R) proved as independent prognostic factors for long-term survival (Table 7) .
Discussion
The question which procedure is the best for patients with ACC has sparked a debate raging for more than a decade, but the final verdict is still a matter of debate. [5] [6] [7] [8] [9] [10] [11] [12] [13] To promote an easier stratification of patients for surgery, Siewert and colleges have proposed a classification of EGJ cancer patients based on the tumor location in their benchmark paper. 8 There are many who share their opinion that the tumors arising in the distal esophagus (S I) behave like esophageal tumors and are best treated with thoraco-abdominal approach, whereas S III tumors are treated like gastric tumors with the transhiatal approach. 9, 10, 12, 16, 18, 19, 28 However, there is much less agreement regarding the extent of resection and approach in S II tumors. 5, 7, [29] [30] [31] At our institution, most of the patients with S II tumors, as well as those with S III tumors, were treated transhiatal with distal esophagectomy with total gastrectomy, esophagectomy with proximal gastrectomy being done only in short mesentery or if patients were in suboptimal general condition. To determine whether this approach is safe for patients with S II and S III, we performed a retrospective study where we analyzed the results of a 16-year period of trans-abdominally operated patients with ACC.
In ACC, the resection margin has to be extended on the thoracic part of the distal esophagus in order to obtain free resection margins. There are two ways to obtain such a margin. The surgeon can choose a thoraco-abdominal approach and easily access even the carinal part of the esophagus, exposing the patients to a potentially harmful thoracotomy. The other method is the transhiatal approach to the distal part of the esophagus with en-bloc excision of a cylinder of the diaphragm which obviates the need to perform a thoracotomy; however, the access to the more proximal part of the esophagus is obscured due to technical limitations of the technique. [6] [7] [8] [9] A D2 lymphadenectomy comprising dissection of perigastric, suprapancreatic and the lower mediastinal lymph nodes was routinely done along with EETG (in 88%). 22 Spleen was usually preserved, unless there was macroscopic adherence of the tumor to the spleen, suspicious lymph nodes in station 10, the tumor extended toward the greater curvature and penetrated the muscularis layer of the stomach, or if the spleen was unintentionally injured at the resection. Many studies supported this approach for tumors types S II and S III. 17, 23, [32] [33] [34] Yamashita analyzed the pattern of lymph nodes involvement in patients of tumors extending in the region of the EGJ. They found that in gastric predominant EGJ tumors suprapancreatic lymph nodes had the highest metastases rate. The incidence of upper and middle mediastinal lymph node metastases were negligible and their dissection offered no survival benefit. 17 Furthermore, an interesting fact was that even in esophagus predominating EGJ tumors, the rate of upper and middle mediastinal tumors was less relevant in adenocarcinoma than in squamous cell carcinoma of the esophagus predominating EGJ tumors. Similar results were obtained by other authors. [32] [33] [34] Moreover, the most prevalent site of lymph node recurrence was abdominal para-aortic. 17 This fact matches with the results of our study regarding the site of the recurrence. The most frequent metastatic lymph nodes are the proximal gastric lymph nodes, nodes at the esophageal hiatus, lower mediastinum and suprapancreatic lymph nodes. 33 Regarding this results and regarding the patterns of recurrence, many authors share the opinion that an extensive mediastinal lymph node dissection is unnecessary. 17, [32] [33] [34] It therefore seems reasonable that the mediastinal lymphadenectomy via thoraco-abdominal approach is not mandatory.
The concern about the sufficient proximal resection margin is reason why some institutions recommend a thoraco-abdominal approach. Some authors argue that a sufficient proximal margin can only be obtained with a thoracic approach. 32 The R0 resection rate at our institution where the transhiatal approach with excision of the hiatal part of the diaphragm is practiced for S II and S III patients was obtained in 95.7%. This rate compares favorably to other papers that report a R0 rate from 80% to 95%. [35] [36] [37] [38] With the transhiatal approach, we obtained a mean proximal resection margin of 42.4 mm, which is similar to margins obtained by other authors with the thoraco-abdominal approach. 32, [35] [36] [37] [38] Duan reported a 38 mm margin with right thoracoabdominal approach in their patients' population, which corresponds to the results obtained in our study. 32 Studies have demonstrated that in patients with type S II and S III only in a dismal number of patients the tumor invaded more than 25 mm beyond the proximal margin. 37, 38 A proximal margin of 38 mm in these patients was associated with a survival benefit. 16 Hence most authors agree that a proximal margin of more than 2 cm is sufficient to obtain an R0 resection and prevent an esophageal recurrence in SII and SIII patients. 16, 37, 38 The resection margin obtained on our institution was longer than suggested by these authors, but what is even more, it is comparable to reports from papers evaluating the thoraco-abdominal approach. 32 Since it is evident that with the thoraco-abdominal approach free proximal margins and adequate lymphadenectomy can be obtained, it is only feasible to choose a procedure that offers a potentially less invasive and less morbid approach to patients with SII and SIII tumors. Although we did not perform a comparison of transhiatal and thoracoabdominal approach, we did, however, analyzed the perioperative morbidity and mortality of the transhiatal extended total gastrectomy in order to see whether the transhiatal approach would have a lover complication rate than reported by others for the thoraco-abdominal approach. The 90-day intrahospital morbidity was 28.6% in our patients' cohort. The transhiatal approach has been shown by many authors to carry significantly less morbidity compared to thoraco-abdominal approach. 12, 37, 39 The complication rates for the transhiatal approach were reported to be from 25% to 28% and were similar to those in our institution. 12, 13, 36, 37, 39 In a meta-analysis done by Wei et al., a significantly higher morbidity of the thoraco-abdominal approach has been found and was attributed to pulmonary complications. 12 The rate of pulmonary complications was only 9.2% in our cohort compared to 28.2% reported by Blank et al. 13 However, the 30-days mortality was reported to be similar no matter what approach was chosen for EGJ cancer patients. 13, 36, 37 The reported mortality rates from 1.1 to 3.8% compare favorably to our hospital where the 30-day mortality was 2.2%. 12, 13, 36, 37 We also found a significant association between general and surgical complications and 30-day mortality. This correlation between complications and 30-day mortality is an important fact to consider when planning an operation for patients with S II and S III tumors; surgeons should offer their patients a curative approach with a smaller probability of complications.
The overall 5-year survivals for S II and S III patients were reported to be from 16% to 58%. [6] [7] [8] [9] 13, 33, 35, 39 Although the Eastern authors consistently reported 5-year survival rates above 40%, most of Western authors report survivals over 30%. 13, 33 Many studies also confirmed that the overall 5-year survival did not depend on the surgical approach as long as R0 resection could be obtained. 13, 33, 35, 37, 39 The patients in our cohort had a 5-year OS of 33.4%. The independent predictors for long-term survival were T and N stage, multivisceral resection and microscopic free surgical margins. Although, it is difficult to compare our 5-year overall survival to other results published, since the stages, general condition of patients, perioperative treatment and tumor location differ between studies; however, these results show that the type of approach does not influence the long-term survival. 37 The proximal extension of the resection margin did therefore not improve the survival of S II and S III patients. Moreover, the rate of local recurrences in the thoracic cavity seems not to be affected by the type of approach. In most of our patients, an infradiaphragmatic recurrence in the form of peritoneal carcinosis (16.1%) followed by hematological dissemination was noted. Only a minor portion of parents had a recurrence in the thoracic cavity (3.3% of patients). No correlation was found between clinicopathological characteristics and the type of recurrence, which supports the statement that the type of resection does not influence on the survival as long as an R0 resection is performed.
It is difficult to draw definitive conclusions from our study since the best way to determine the superiority of an approach would be a prospective randomized controlled trial. Our study is biased by the retrospective nature of the study design. Moreover, patients from different treating periods were included. During that time, the perioperative neoadjuvant treatment has changed and became more efficient, and this might have had an impact on overall survival. Also, the development of interventional radiological techniques has enabled us to resolve many complications non-operatively that would have otherwise been treated with surgical procedures and increased the perioperative morbidity. And finally, because of the long study period, we did not take into account the impact of modern minimally invasive techniques that have emerged recently.
This study supports the conclusion that the transhiatal approach is a safe procedure for S II and S III patients and that the morbidity and mortality associated with the surgery are low. The compli-cations associated with transthoracic approach can therefore be altogether avoided with no impact on the rate of local recurrence. Our results confirm that the resection of ACC with transhiatal approach provides comparable proximal resection margins to thoraco-abdominal approach. The number of thoracic recurrences is negligible with the transhiatal approach and the long-term survival is comparable to other institutions irrelevant on approach. Based on these results, we feel that the transhiatal EETG, or in selected patients EEPG, is the procedure of choice for patients with ACC of type S II and S III.
